Recruitment of circulating natural killer (NK) cells into inflamed lymph nodes is known to provide a potent, IFN-
Introduction
Dendritic cells (DC) play a central role in the initiation and regulation of innate and adaptive immune responses and have increasingly been applied as experimental vaccines for cancer patients (1, 2) . On encountering certain pathogen-associated antigens and in response to proinflammatory cytokines, DCs become activated and start to secrete inflammatory mediators and up-regulate costimulatory molecules as well as MHC class I and class II molecules presenting processed antigens (3) . Another functional consequence of activation in vivo is the up-regulation of the lymph node-directing chemokine receptor CCR7, enabling them to migrate in response to gradients of first CCL21 and then CCL19 to the T-cell zone of the draining lymph node (4) (5) (6) . These unique features of DCs are increasingly exploited for the design of DC-based vaccines in immunotherapy.
Most commonly, DCs are obtained through in vitro differentiation of monocytes in the presence of granulocyte macrophage colony-stimulating factor (GM-CSF) and interleukin (IL-4), followed by exposure to inflammatory signals to induce final maturation (7) . Additional signals provided by prostaglandin E 2 (PGE 2 ) are crucial for inducing a substantial chemotactic response in vitro to lymph node-derived chemokines (8, 9) . DC-based vaccines, matured with a clinical grade, gold standard maturation cocktail consisting of tumor necrosis factor-a (TNF-a), IL-1h, IL-6, and PGE 2 , show impaired IL-12 production (10, 11) but has been believed to retain the property for priming Th1 CD4 + T cells and CD8 + CTLs as assessed by certain in vitro assays (11) . However, recently the presence of IL-12 during CTL priming by DCs in vitro was found to be mandatory to enable direct recognition of tumor cells expressing the relevant MHC class I/peptide complex (12) . In line with these findings, IL-12p70 secretion dramatically enhances the ability of DCs to induce tumor-specific CTLs and promote tumor rejection in therapeutic mouse models (13, 14) . Taken together, these observations thus provide a reasonable explanation for the difficulty in consistently generating tumor regression in patients treated with antigen-loaded DCs that have been matured with the PGE 2 -containing DC-maturating protocols.
IFN-g has been shown to facilitate the production of IL-12p70 by DCs primed by microbial products or inflammatory cytokines such as TNF-a and IL-1h (15) , a feature that we recently tried to capitalize on in the generation of clinical grade DCs (16) . However, addition of IFN-g to the standard PGE 2 -containing maturation protocol inhibits PGE 2 -induced membrane expression of CCR7 and reduces DC migration toward lymph node chemokines (16) . Recently, Mailliard and colleagues (17) reported that the inclusion of IFN-a and polyinosinic acid:polycytidylic acid (p-I:C) to the original IL-12p70-inducing cytokine cocktail, composed of TNF-a, IL-1h, and IFN-g (15) , allows for the generation of clinical grade DCs, a-type 1-polarized DC (aDC1) with high migratory function toward lymph node chemokines combined with a strong ability to produce IL-12p70.
During the nonspecific early phase of systemic infection, IFN-g is thought to be primarily provided by natural killer (NK) cells and NK T cells in response to early danger signals derived from the invading pathogen (18, 19) . Intriguing recent studies suggest that CD8 + T cells, including naïve CD8 + T cells, can also provide IFN-g during the innate immune response (20, 21) . However, recent data from mouse models indicate that NK cells play a major role in early IFN-g production in lymph nodes, draining sites of infection or immunization (22, 23) . The study of Martin-Fontecha and colleagues (22) specifically showed that circulating NK cells were recruited to lymph nodes on stimulation by mature DCs or certain adjuvants in a CXCR3-dependent manner and that these NK cells provide an early source of IFN-g that was necessary for Th1 polarization. This unique function of certain adjuvants suggests that for vaccines that rely on Th1 responses, adjuvants could be selected according to their capacity to induce the recruitment of NK cells in antigen-stimulated lymph nodes. In light of this important finding, we investigated the ability of two different clinical grade DC-based vaccines to produce CXCR3 ligands and to recruit and activate human NK cells in vitro.
Our data show that aDCs secrete profuse amounts of the CXCR3 ligand CXCL9/MIG as well as substantial amounts of CXCL10/IP-10 and CXCL11/I-TAC after withdrawal of maturation stimuli, thus at a time point when they are ready to use for vaccination. In contrast, no measurable levels of the CXCR3 ligands were produced by DCs after maturation with the current PGE 2 -containing gold standard cocktail. Functional studies in vitro further show that aDC1 supernatants actively recruit NK cells in a CXCL9/MIGdependent manner. Finally, aDC1s were able to induce IFN-g production when cocultured with resting autologous NK cells, but only if CD40 ligation was provided. These novel findings indicate that fully mature and subsequently injected human aDC1-based clinical grade vaccines have the potential to recruit and activate NK cells on arrival at draining lymph nodes and that this feature may be relevant for efficient Th1 priming by DC-based vaccines.
Materials and Methods
Generation of monocyte-derived immature DCs. Peripheral blood mononuclear cells (PBMC) obtained from healthy blood donors were isolated on density gradients with Lymphoprep (Nycomed). The use of human blood donor cells was approved by the Human Research Ethics Committee at the Sahlgrenska Academy, Göteborg University. Isolated PBMCs were resuspended in AIM-V medium (Invitrogen), plated in 24-well plastic culture plates at 2.5 Â 10 6 per well, and allowed to adhere for 2 h. Nonadherent cells were removed and the remaining adherent monocytes were cultured in AIM-V medium supplemented with recombinant human GM-CSF and IL-4 (R&D Systems; both at 1,000 units/mL) for 5 d, to obtain immature DCs. When indicated, DCs were generated by negative selection for CD14
+ cells using magnetic cell separation (Miltenyi Biotec). The isolated CD14
+ population had >85% purity as determined by flow cytometry, and contamination with CD56 + CD3
À NK cells was <1%. Purified monocytes were plated at 3 Â 10 5 per well and differentiated to DCs as described above.
Maturation of DCs. Maturation of immature DCs was induced by supplementing the culture media with the gold standard maturation cocktail consisting of TNF-a (50 ng/mL), IL-1h (25 ng/mL), IL-6 (10 ng/mL; all from R&D Systems), and PGE 2 (1 Ag/mL; Sigma-Aldrich). Alternatively, DCs were matured by adding IFN-a (3,000 units/mL), IFN-g (1,000 units/mL), TNF-a (50 ng/mL), IL-1h (25 ng/mL; all from R&D Systems), and p-I:C (20 Ag/mL; Sigma-Aldrich) to obtain aDC1s. When indicated, different combinations of the components included in the aDC1 maturation cocktail were added. DCs cultivated without the addition of maturation cocktails for 24 h were used as controls.
Real-time PCR. RNA was prepared from purified DCs matured for 24 h, using the Qiagen Mini Kit. The concentration and quality of the RNA were evaluated with Agilent 2100 Bioanalyzer (Nano LabChip, Agilent Technologies, Dalco Chromtech AB). Reverse transcription of RNA and real-time PCR analysis were done as previously described (24) . In brief, 500-ng RNA was transcribed into cDNA using avian myeloblastosis virus reverse transcriptase. The mRNA level of each target gene was quantified by realtime PCR on an ABI Prism 7900 Sequence Detection System (TaqMan, Applied Biosystems) using low-density array microfluidic cards that included the target genes and endogenous controls listed in Table 1 . Samples (50 ng) were run in duplicates and the comparative DÄC T method of relative quantification was used to calculate the differences in gene expression between the control and the two treatment groups. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), b-actin, and hypoxanthine phosphoribosyl transferase-encoding gene (HPRT) were used as endogenous controls (to correct for variation in sample loading and efficiency of the amplification reaction).
Chemokine determination. For measurement of chemokines, 24-h culture supernatants from previously washed mature DCs were collected and stored at À70jC until chemokine concentrations were determined by specific ELISAs. DCs used for this experiment were derived either from monocytes isolated by plastic adherence or by an additional purification step of CD14 + cells through magnetic cell separation. The commercially available ELISAs for CXCL9/MIG, CXCL10/IP-10, CXCL11/I-TAC, CCL17/ TARC, and CCL22/MDC (R&D Systems) were done according to the manufacturer's instructions. To gain insight into the kinetics of the chemokine production, supernatants were collected after 12 h and cells were washed and replaced for a further 12 h before the final supernatant was collected. The lower limits of detection were 125 pg/mL for CXCL9/ MIG, 62.5 pg/mL for CXCL10/IP-10, 15.6 pg/mL for CXCL11/I-TAC, 15.6 pg/mL for CCL17/TARC, and 15.6 pg/mL for CCL22/MDC.
NK cell isolation and migration assay. NK cells were purified with the NK cell isolation kit (Miltenyi Biotec) by negative immunomagnetic cell separation. Resulting NK cell populations were >95% CD56 + CD3
À . Purified DCs matured with either the aDC1 or PGE 2 -DC maturation cocktail for 24 h were washed twice and replaced in fresh AIM-V medium. After 24 h, supernatants were collected and stored in À70jC for future use in migration assays. Chemotaxis of NK cells toward chemokines produced by mature DCs was tested by a transwell assay. Briefly, lower chambers of transwell plates (5.0 Am pore size, BD Biosciences) were filled with 500 AL of supernatant. Five hundred microliters of medium only were used as a control. Anti-CXCL9 or corresponding isotype (rabbit IgG) control antibody (Peprotech; both at 10 Ag/mL) was added as indicated. Approximately 1 Â 10 5 purified NK cells or 1 Â 10 6 PBMCs were added in 200 AL of AIM-V medium in the upper chamber, and cells were incubated for 90 min. Cells that migrated to the lower chamber were harvested and stained with phycoerytrin-conjugated anti-CD56 and allophycocyanin-conjugated Table 1 . Target genes analyzed by real-time PCR
Gene
Accession no.*
*Accession numbers refer to primer/probe sets on low-density array cards. + NK cells were subsequently defined and counted by flow cytometry. Specific migration was calculated as a percentage of control (spontaneously migrated cells, migrating to medium only).
Assessment of NK cell activation by flow cytometry. To evaluate DCmediated IFN-g production and CD69 expression by NK cells, nonadherent PBMCs were cultured with autologous or allogeneic monocyte-derived DCs (mononuclear cell/DC ratio, 5:1) in AIM-V medium supplemented with 5% autologous plasma in the presence of 10 Ag/mL brefeldin A (GolgiPlug, Sigma). When indicated, cocultures of purified NK cells and purified DCs were done at a 1:1 DC/NK cell ratio. DCs used in this experiment were stimulated with either the gold standard or the aDC1 maturation cocktail for 24 h, washed twice, and replaced in the well and then cultured in fresh medium for a further 24 h before being harvested and added to the mononuclear cells. After 6 h of coculture, cells were harvested, fixed, permeabilized with the Cytofix/Cytoperm reagent (BD Biosciences), and stained with phycoerytrin-conjugated anti-CD56, allophycocyanin-conjugated anti-CD3, peridin chlorophyll protein-conjugated anti-CD69, and FITC-conjugated anti-IFN-g (all from BD Biosciences). Cells were incubated at 4jC for 20 min and washed. All flow cytometry data were acquired on a FACSCalibur cytometer (BD Biosciences) with CellQuest software (BD Biosciences) and analyzed with Diva software (BD Biosciences). IFN-; production by NK cells. Purified DCs were stimulated with the aDC1 maturation cocktail for 24 h, washed twice, and replaced in the well and then cultured in fresh medium for a further 24 h before being harvested and plated in 96-well round-bottomed plates at 2 Â 10 4 per well; then cells were stimulated with soluble, histidine-tagged, CD40 ligand (CD40L) protein (R&D systems; 200 ng/mL), followed by the addition of an antipolyhistidine monoclonal antibody (R&D Systems; 4 Ag/mL) 20 min later in the presence or absence of purified autologous peripheral blood NK cells (5 Â 10 4 ). CD40 stimulation was omitted in control cultures. Supernatants were collected after 24 h and tested for the presence of IFN-g by ELISA (R&D Systems). The lower limit of detection was 62.5 pg/mL.
Statistical analysis. The statistical significance of differences between experimental samples was determined using Student's t test for paired samples. Significance was accepted at the P < 0.05 (*) and P < 0.001 (**) levels.
Results
ADC1s express high mRNA levels of CXCR3 ligands. Initial real-time PCR analysis revealed that mRNA expression of the CXCR3 ligands CXCL9/MIG, CXCL10/IP-10, and CXCL11/I-TAC was highly up-regulated in aDC1s after incubation with the maturation cocktail for 24 hours compared with PGE 2 -DCs (Fig. 1A) . In contrast, levels of the Th2 and regulatory T-cell-attracting chemokines CCL17/TARC and CCL22/MDC were comparable (Fig. 1B) . Furthermore, real-time PCR analysis was used to evaluate mRNA expression of different maturation-associated markers in monocyte-derived aDC1s and PGE 2 -DCs after 24 hours of maturation. Comparable mRNA levels of the maturation-associated CD40, CD80, CD86, CD83, and CCR7 were found (data not shown). In addition, aDCs were characterized by a significantly increased mRNA expression of both IL-12p35/IL-12A and IL-12p40/IL-12B, whereas only IL-12p40 was highly increased in PGE 2 -DCs (data not shown).
ADC1s produce extremely high levels of CXCL9/MIG in a sustained fashion. To verify if protein production after maturation for 24 hours and onward correlated with mRNA data, standard ELISA was used to measure the amount of chemokine production in 24-hour culture supernatants of previously washed mature DCs. When compared with PGE 2 -DCs, aDC1s proved superior in the production of the CXCR3 ligands CXCL9/MIG (P = 0.0009), CXCL10/IP-10 (P = 0.0004), and CXCL11/I-TAC (P = 0.04; Fig. 2A ). In contrast, PGE 2 -DCs preferentially produced the Th2 and regulatory T-cell-attracting chemokines CCL17/TARC (P = 0.03) and CCL22/MDC (P = 0.02; refs. 25, 26) , whereas only marginal levels of these chemokines were produced by aDC1s (Fig. 2B) . To confirm that the differential pattern of chemokine expression induced by maturation factors was resulting from DCs, and not from contaminating lymphocytes, these experiments were repeated with purified DCs isolated by an additional purification step of DC14 + monocytes before plastic adherence. We could clearly show that purified DCs responded to maturation factors in a similar way as those only purified by plastic adherence (Supplementary Fig. S1 ). Measurement of chemokine production during maturation was further conducted to get insight into the kinetics of chemokine production. The most remarkable finding was the extremely high and sustained production of CXCL9/MIG by aDC1s (Fig. 2C) . To delineate factors of importance for CXCR3 ligand production, each component of the aDC1 maturation cocktail was abolished from the cocktail. As seen in Fig. 3, IFN-g was the most critical factor in the maturation cocktail for the induction of high production of the CXCR3 ligands CXCL9/MIG, CXCL10/IP-10, and CXCL11/I-TAC. Maturation with one single Figure 1 . aDC1s express high mRNA levels of CXCR3 ligands. Purified monocyte-derived immature DCs were matured for 24 h to induce aDC1s (IL-1h, TNF-a, IFN-g, IFN-a, and p-I:C) or PGE 2 -DCs (IL-1h, TNF-a, IL-6, and PGE 2 ). Cells were subsequently washed and harvested for RNA preparation. Real time-PCR was done on cDNA from total RNA. mRNA levels of CXCL9/MIG, CXCL10/IP-10, and CXCL11/I-TAC (A ) and CCL17/TARC and CCL22/MDC (B ) are shown as fold change relative to the untreated control after normalization to the housekeeping genes GAPDH, b-actin, and HPRT. Columns, mean of four different donors (observe log scale); bars, SD.
factor in no case induced detectable amounts of CXCL9/MIG, CXCL10/IP-10, or CXCL11/I-TAC in stimulated DCs (data not shown).
Supernatants from ADC1s recruit NK cells in a CXCL9/MIGdependent manner. Supernatants from purified aDC1s, but not from PGE 2 -DCs, induced a substantial recruitment of purified peripheral blood NK cells in transwell experiments. Because circulating human NK cells express functional CXCR3 (27) , we tested the possibility that the extremely high level of CXCL9 in aDC1 supernatants was primarily responsible for the observed NK cell recruitment. Adding anti-CXCL9 antibodies to the aDC1 supernatants led to a marked reduction of active NK cell migration to the lower chamber whereas the corresponding isotype control antibody (rabbit-IgG) only marginally affected NK cell migration (Fig. 4) . Additionally, a statistically significant increased recruitment of NK cells toward aDC1 supernatants compared with PGE 2 -DCs (P = 0.003) was obtained when total PBMCs, instead of purified NK cells, were added to the upper chamber (Supplementary Fig. S2 ).
ADC1s activate cocultured NK cells as determined by CD69 expression and intracellular IFN-; production. Because NK cells were actively recruited toward supernatants from aDC1s, we next investigated whether NK cells might become activated, as determined by expression of CD69 and intracellular IFN-g, on interaction with aDC1s or PGE 2 -DCs. Before coculturing with autologous or allogeneic nonadherent PBMCs, previously washed mature DCs were cultured in fresh medium for a further 24 hours. Activation of NK cells was analyzed by flow cytometry after 6 hours of coculture. Only DCs matured with the aDC1 maturation cocktail were able to induce a substantial IFN-g production (Fig. 5A) . Furthermore, when compared with PGE 2 -DCs, aDC1s proved Figure 2 . aDC1s produce high levels of CXCL9/MIG in a sustained fashion. Monocyte-derived immature DCs were matured for 24 h to induce aDC1s (IL-1h, TNF-a, IFN-g, IFN-a, and p-I:C) or PGE 2 -DCs (IL-1h, TNF-a, IL-6, and PGE 2 ). Protein levels, as determined by ELISA, of CXCL9/MIG, CXCL10/IP-10, and CXCL11/I-TAC (A) and CCL17/TARC and CCL22/MDC (B) in 24-h culture supernatants of previously washed mature DCs. Immature DCs were used as a control. Columns, mean of three experiments with different donors; bars, SD. *, P < 0.05; **, P < 0.001. C, kinetics of CXCL9/MIG, CXCL10/IP-10, and CXCL11/I-TAC production after DC maturation was measured by collecting supernatants after 12 h, followed by washing and replacement of cells in fresh culture media for a further 12 h before the final supernatants were collected. Representative of three experiments.
superior in the induction of CD69 up-regulation. Similar results were detected when allogeneic, nonadherent PBMCs were used (data not shown). To ensure that the observed NK cell activation was not merely reflecting contamination of activated NK cells from the unpurified aDC1 fraction and to ensure that NK cell activation was solely a result of aDC1/NK cell interaction, additional flow cytometry experiments were done. Fluorescence-activated cell sorting (FACS) studies on unpurified aDC1 cultures (without addition of responding NK cells) excluded any substantial IFN-g production in contaminating NK cells within the unpurified aDC1 fraction (Supplementary Fig. S3 ). However, when purified DCs and purified NK cells were used, no substantial activation (as determined by intracellular IFN-g and CD69 expression) of autologous or allogeneic NK cells was observed in any DC/NK cell coculture (data not shown).
CD40 ligation licences ADC1s to induce IFN-; production by cocultured NK cells. Taken together, our data indicate that the observed activation of NK cells within bulk lymphocyte fractions, induced by cocultured aDC1s (Fig. 5A) , was dependent on cofactors expressed by lymphocytes within the responding nonadherent PBMC population. One obvious cofactor candidate is CD40L, which recently was shown to play a prominent role in the DC-dependent activation of human NK cells primed with IL-18 (28) . As shown in Fig. 5B , in the absence of CD40 stimulation by cross-linked soluble CD40L, no detectable levels of IFN-g were found in any cell culture/coculture supernatant using purified NK cells and/or purified aDC1s. These ELISA results were thus in line with FACS data on intracellular expression of IFN-g. However, in cocultures of autologous aDC1 and NK cells, concurrent CD40-mediated stimulation induced a substantial production of IFN-g within 24 hours.
Discussion
Our results assign an additional novel feature of mature clinical grade (propagated in serum-free media) aDC1s that is of potential importance for their efficacy as anticancer vaccines. In addition to recent data provided by Mailliard and colleagues (17), we have shown that aDC1s, in contrast to DCs matured with the ''gold standard'' cocktail, exhibit a profuse and sustained production of the CXCR3 ligand CXCL9/MIG as well as substantial amounts of CXCL10/IP-10 and CXCL11/I-TAC after withdrawal of maturation stimuli. Supernatants collected 24 hours after washing of mature aDC1s efficiently recruited NK cells in a CXCL9-dependent manner. Finally, cocultures of NK cells and aDC1s induced IFN-g production by NK cells, but only when concurrent CD40 stimulation was provided.
NK cells control antitumor (29) (30) (31) , allogeneic (32), xenogeneic (33) , and virus-specific CTL (34) responses, and emerging evidence from rodent models further shows that DC-based cancer vaccines seem to collaborate with NK cells in the activation of tumorspecific CTL responses (35) (36) (37) . In vitro studies have shown that one of the basic requirements for DC-NK cell interactions is proximity or direct cognate interactions (38, 39) , but there has been little data showing NK cell-DC contact in vivo. However, two recent articles have focused on the interaction between DCs and NK cells in reactive lymph nodes (22, 23) . S.c. injection of bone marrowÀderived, lipopolysaccharide-matured DCs in mice induced a rapid increase in draining lymph node cellularity (22) . Although the proportion of T cells and B cells was found to be similar in DC-draining and control lymph nodes, the frequency of NK cells was up to 10-fold higher in DC-draining than in control lymph nodes (22) . The increase in NK cell numbers peaked within 2 days, was dependent on the DC dose, and was not due to cell proliferation but rather to enhanced cell recruitment (22) . A similar increase of NK cell number in draining lymph node was shown after s.c. infection of mice with Leishmania major (23). Confocal Supernatants from aDC1s recruit NK cells in a CXCL9/MIGdependent manner. Chemotaxis of purified peripheral blood NK cells toward chemokines produced by DCs matured with either the aDC1 or PGE 2 -DC maturation cocktail was tested by using a transwell assay. Supernatants collected from purified DCs stimulated for 24 h, washed and incubated for a further 24 h in fresh media, were added to the lower chambers of transwell plates. Medium only was used as a control. Anti-CXCL9 or corresponding isotype (rabbit-IgG) control antibody was added as indicated. NK cells (1 Â 10 5 ) were added to the upper chamber and cells were incubated for 90 min. Cells in the lower chambers were harvested and stained with phycoerytrin-conjugated anti-CD56 and allophycocyanin-conjugated anti-CD3. CD3 À
CD56
+ NK cells located in the FSC/SSC lymphocyte gate were subsequently defined and counted by flow cytometry. Specific migration was calculated as percent of control (spontaneously migrated cells, migrating to medium only). Columns, means of triplicate wells from a representative of three independent experiments; bars, SD. microscopy of lymph node sections from L. major-infected mice revealed that NK cells from infected animals tended to accumulate in the T-cell area, which is the site where antigen-loaded DCs are known to settle to communicate with recruited T cells entering via high endothelial venules (40) .
Of fundamental importance, Martin-Fontecha and colleagues (22) showed in mice that the chemokine receptor CXCR3 exhibited a prominent role in the NK cell recruitment induced by injecting mature syngeneic DCs. It has further been shown that CXCL9/MIG become detectable on the lumenal side of HEVs in the draining lymph nodes within a few hours of s.c. injection of mature DCs (41) . Because arrival in the lymph node of s.c. injected DCs probably takes more than 16 to 24 hours, it could be argued that measurement of chemokine secretion from time of withdrawal of the maturation cocktail (a time point when mature aDC1s are proposed to be injected) until 24 hours is irrelevant. However, similar to monocyte chemoattractant protein 1 (42) , it is likely that peripherally secreted CXCR3 ligands (produced by injected aDC1s before lymph node entry) may be transported via lymphatic vessels to draining lymph nodes, thus justifying measurement of accumulated chemokine secretion during the initial 24-hour period after full maturation. Although the murine-based study of MartinFontecha and colleagues indicates that CXCR3 is playing a prominent role in lymph node-homing properties of NK cells, we are not aware of any studies clearly showing that the same holds true in humans. However, about NK cell recruitment to other inflamed or immunologically active tissues, several studies in humans indicate that CXCR3-expressing NK cells may be recruited by CXCR3 ligands. For instance, CXCR3-expressing NK cells are actively recruited to psoriatic plaques (43) , and ex vivo studies on those NK cells revealed that the CXCR3 ligand CXCL10 was the most potent chemoattractant for such CXCR3-expressing NK cells. In addition, decidual infiltration of human NK cells seems to be regulated by the local release of CXCL10 by the endometrium (44) . The novel feature of high and sustained production of the NK cellrecruiting CXCR3 ligand CXCL9/MIG by mature aDC1s, as revealed in the present study, thus indicates a NK cell-recruiting capacity into draining lymph nodes when injected into human patients.
As expected (45) (46) (47) , the presence of IFN-g in the maturation cocktail was of major importance for high CXCL9/MIG, CXCL10/ IP-10, and CXCL11/I-TAC production. Rather surprisingly, IL-1h exhibited a major role in the induced CXCL9/MIG production whereas IFN-a, p-I:C, and TNF-a were of minor importance. However, single treatment of immature DCs with IFN-g or IL-1h induced no detectable amounts of the CXCR3 ligands.
By using NK cellÀdepleted mice or Ifng À/À mice reconstituted with IFN-g-sufficient or IFN-g-deficient NK cells, Martin-Fontecha and colleagues (22) showed that recruited NK cells provide an early source of IFN-g that was necessary for Th1 polarization. Bajenoff and colleagues (23) further showed that the recruited NK cells accumulated in the T-cell area, formed conjugates with DCs, and frequently expressed IFN-g, whereas NK cells localized in the medulla were mainly IFN-g negative. These observations thus indicate that proximity and/or direct cognate interactions between DCs and NK cells are required for the induction of IFN-g production by NK cells. In line with these results, our in vitro data show that the observed activation of NK cells, induced by cocultured aDC1s, was dependent on cofactors expressed by lymphocytes within the responding nonadherent PBMC population. One obvious cofactor candidate is CD40L, which was recently shown to play a prominent role in the DC-dependent activation of human NK cells primed with IL-18 (28) . Similar to these findings, we found that in cocultures of autologous aDC1s and NK cells, concurrent CD40-mediated stimulation induced a substantial production of IFN-g within 24 hours. Furthermore, in the absence of CD40 stimulation, no detectable levels of IFN-g were found in any cell culture/coculture supernatant using purified NK cells and/ or purified aDC1s. Taken together, these data thus suggest that the observed discrepancy about IFN-g production in aDC/NK cell cocultures using purified NK cells or NK cells contained within a total lymphocyte population depends on the absence or presence of potentially CD40L-expressing lymphocytes that may up-regulate CD40L on stimulation with autologous aDC1s. Because no nonself antigens, such as xenogneic proteins from FCS, were included in the present culture media, such cells could possibly be CD1d-restricted NK T cells recognizing endogenous glycolipids presented . It is noteworthy that cocultures of purified NK cells and aDC1s did not result in NK cell activation (not shown). B, purified aDC1s were stimulated with soluble histidine-tagged CD40L subsequently cross-linked with antipolyhistidine antibodies in the absence or presence of purified peripheral blood NK cells. IFN-g was measured in the supernatants by ELISA at 24 h. Columns, mean of four replicate wells; bars, SD. Representative of three experiments (<<, below the detection limit).
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Collectively, the in vitro data recently presented by Mailliard and colleagues (17) in conjunction with our present data thus allow for the clinical use of DCs, combining a fully mature status with high migratory function, the ability to produce IL-12p70 on cognate interaction with T cells expressing CD40L (17) , and the ability to recruit and activate IFN-g production in NK cells in the presence of CD40L-expressing lymphocytes. All these important features predict a strong Th1-polarized antitumor immune response in patients receiving aDC1-based vaccines loaded with tumor antigens.
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